Using a rotating analyzer spectroscopic ellipsometer, we have investigated the complex dielectric function of a series of ternary Be x Zn 1Ϫx Te thin films in the energy range between 0.7 and 6.5 eV for alloy concentrations between xϭ0.0 and xϭ0.52. After determining the alloy concentrations using x-ray diffraction and photoluminescence techniques, a standard inversion technique was used to obtain the optical constants from the measured ellipsometric spectra. Analyzing the second derivative of both the real and the imaginary parts of the dielectric constant, we have deduced the critical point parameters corresponding to the electronic transitions in the Brillouin zone. We find that the energy of the critical points with respect to Be concentration does not show any bowing effects unlike many other II-VI semiconductor ternary alloys.
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Optoelectronic devices based on II-VI semiconductors containing beryllium have been recently proposed to overcome some of the conventional problems such as reduced life times and lower p-type doping concentrations that seem to effect most of the II-VI semiconductor devices. Beryllium incorporated II-VI crystals have been shown to form high degree covalent bonds, which give greater lattice hardening and lower degradation rates that are required in commercial applications.
1 Additionally, Be x Zn 1Ϫx Te can be p-doped to a level of 10 19 cm Ϫ3 and also can be lattice matched to InP substrates which is advantageous for applications in lasers and light emitting diodes that operate in the visible wavelength range. 2, 3 In order to fully exploit these materials as viable candidates for fabricating optical devices, their optical properties must be more completely cataloged. Very little knowledge of their optical properties is presently available, especially in the energy range above their band gap.
Spectroscopic ellipsometry is a powerful, nondestructive technique for determining the complex dielectric function ⑀ ϭ⑀ 1 ϩi⑀ 2 of semiconductor thin films. Unlike many other experimental techniques, such as reflectivity measurements, ellipsometry eliminates the need for a Kramers-Kronig transformation. Using ⑀ 1 and ⑀ 2 obtained from ellipsometry, it is possible to easily calculate the index of refraction in the transparent region, which is of great interest when designing optoelectronic devices. In addition, observing the structure of ⑀ 1 and ⑀ 2 above the fundamental band gap E 0 , one can identify higher order electronic transitions in the Brillouin zone and subsequently relate these to the band structure of the semiconductor alloys.
Previous work-which focused mainly on the optical properties in the transparent region-has categorized the band gap transitions of Be x Zn 1Ϫx Te alloys using a combination of reflectivity and photoluminescence measurements. 4 It was found that the Be x Zn 1Ϫx Te alloy family has a direct ⌫ →⌫ band gap for xϽ0.28, while it becomes an indirect ⌫ →X band gap for xу0.28. Furthermore, it was also reported that the E 0 critical point is linearly dependent upon Be content x, and can be described by the equation 2.26 eV ϩ(1.84 eV)x. 4 In the present study, we extend the investigation of the optical properties of Be x Zn 1Ϫx Te alloys into the absorption region. Using a variable angle spectroscopic ellipsometer, the dielectric constant of a series of Be x Zn 1Ϫx Te II-VI semiconductor alloys was measured and the critical points in the Brillouin zone were identified.
The thin films were grown by molecular beam epitaxy ͑MBE͒ on semi-insulating epiready ͑001͒ InP substrates using a Riber 2300 MBE system. The substrates were dioxized at 500°C under As flux, and a ϳ100-nm-thick, lattice matched InGaAs buffer layer was grown on the InP substrate. The growth temperature for the Zn 1Ϫx Be x Te layer was maintained around 270°C. The growth rate was approximately 0.5 m/h, and Be x Zn 1Ϫx Te layers were 0.5-1.5 m thick. No cap layer was necessary, as no surface degradation of this material has been observed even over extended periods of time. Fifteen samples of Be x Zn 1Ϫx Te alloys were grown for this study, with Be concentrations (x) ranging from xϭ0 to xϭ0.516. The composition of the films was determined using single-crystal x-ray diffraction, assuming a linear dependence of the lattice constant with respect to the alloy concentration. The spectroscopic analysis was performed using a Woollam ellipsometer, capable of taking ellipsometric data with photon energies of 0.7-6.5 eV. For each sample we obtained room temperature ellipsometric data at angles of incidence of 65°, 70°, and 75°.
In standard ellipsometry, two parameters, and ⌬, are measured at each wavelength for a particular sample. and ⌬ are related to the ratio of reflection coefficients by
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where R p is the complex reflection coefficient for light polarized parallel to the plane of incidence, and R s is the coefficient for light polarized perpendicular to the plane of incidence. As and ⌬ depend on the optical properties for the entire semiconductor, a four layer model ͑i.e., InP substrate, InGaAs buffer, Be x Zn 1Ϫx Te layer, and surface oxide layer͒ was constructed for each sample to determine the optical properties of the Be x Zn 1Ϫx Te layer. As the optical properties of the substrate, buffer, and oxide are already known, 5 the thicknesses of each layer and the optical properties of the Be x Zn 1Ϫx Te layer were adjusted to match the experimental data. This was achieved in two steps. First, focusing only on the and ⌬ spectra obtained in the transparent region, the optical properties in the transparent region ͑i.e., below the fundamental E 0 band gap͒ of Be x Zn 1Ϫx Te layer were approximated using a Cauchy model. This allowed us to accurately determine the index of refraction n and the extinction coefficient k of the Be x Zn 1Ϫx Te layer in the transparent region, as well as to obtain the thicknesses of all four layers. 6 After the individual layer thicknesses and the transparent region optical properties of Be x Zn 1Ϫx Te were determined, the next step was to simulate the above band gap optical properties of Be x Zn 1Ϫx Te to give the best fit to the experimental and ⌬ spectra. The components of the complex dielectric function, ⑀ 1 and ⑀ 2 , determined from this procedure are plotted in Fig. 1 for representative samples of Be x Zn 1Ϫx Te over the measured photon energy range. From Fig. 1 , one immediately recognizes that the incorporation of Be into the lattice blueshifts the energy gap in the Be x Zn 1Ϫx Te alloy system. Furthermore, as seen from Fig. 1͑a͒ , the samples with higher Be concentration show a distinct peak at the onset of absorption which we believe is due to excitons in the Be x Zn 1Ϫx Te alloys. 7, 8 The presence of a room temperature exciton near E 0 , as seen from Fig. 1͑a͒ , indicates the high quality of the crystalline structure. This has been confirmed by the fact that both the x-ray and photoluminescence data show very narrow peaks for these particular Be x Zn 1Ϫx Te thin films. 9 To determine the correct energy position of the critical points ͑CPs͒ associated with the electronic transitions in the Brillouin zone ͑i.e., E 0 , E 0 ϩ⌬ 0 , E 1 , E 1 ϩ⌬ 1 , and E 2 ), we use the second derivatives of ⑀ 1 and ⑀ 2 with respect to energy. [10] [11] [12] In Fig. 2 Fig. 2 indicate that the energy of the CPs can be assigned unambiguously from this method. We note that since the excitonic effects dominate near the E 1 and E 1 ϩ⌬ 1 CPs, one can only determine the CP energies minus the binding energy (R 1 ) from this method. 8, 13 A detail study of the second derivative spectral characteristics is currently underway to determine the excitonic behavior in the Be x Zn 1Ϫx Te alloy system. In addition, competing models 8, 14, 15 are also studied in order to extract the binding energies and some of the other parameters from the dielectric function.
The energy positions of the CPs determined from analyzing the second derivatives are shown in Fig. 3 Table I . It must be noted that the linear fit obtained for E 0 transition from this present work is consistent with reflectivity and photoluminescence results previ- ously reported for the Be x Zn 1Ϫx Te alloy system. 4 This is shown as a solid line associated with the E 0 transition in Fig.  3 . It is also interesting to note the absence of any bowing effects in all of the CPs with respect to the alloy concentration in Be x Zn 1Ϫx Te. This is in contrast to most of the other II-VI semiconductor ternary alloys such as Cd x Zn 1Ϫx Se, 16 Mg x Zn 1Ϫx Se, 11 and Be x Zn 1Ϫx Se 11,17 which all exhibit some degree of bowing in all of their CPs. However, it is striking that similar to Be x Zn 1Ϫx Te alloys in which the Te appears as the anion, Cd x Mn 1Ϫx Te alloys also show a linear behavior of its CPs with respect to the alloy concentration. 18 Previous studies of the binary compound ZnTe have relied upon chemical etching procedures to eliminate surface irregularities that could influence the ellipsometric results. 14 However, by adding a surface oxide layer to our semiconductor model, we were able to circumvent the need for such surface treatments. 7 The modeled oxide layer used optical constants that were an average between that of air and the Be x Zn 1Ϫx Te layer beneath. It must also be mentioned that the thin films used in this study were relaxed as their thicknesses exceeded the critical thickness for strain relaxation. 19 Hence, we expect that the dielectric constants calculated for our thin films of Be x Zn 1Ϫx Te to be essentially that of bulk Be x Zn 1Ϫx Te.
In summary, we have used a spectroscopic ellipsometer to measure the dielectric constant of a series of molecular beam epitaxy-grown Be x Zn 1Ϫx Te alloys. Most of the room temperature ellipsometric spectra obtained for these samples show the presence of excitons which attest to the high quality of the specimens. The critical points related to the Be x Zn 1Ϫx Te alloys were obtained by taking the second derivatives of the dielectric constant with respect to the energy. Unlike most other II-VI semiconductor alloys, all of the critical points obtained for the Be x Zn 1Ϫx Te alloy system show no bowing effects with respect to the alloy concentration. Table I . Note the solid line associated with the E 0 transition is the data taken from Ref. 4 which was obtained using reflectivity and photoluminescence measurements. 
